ABSTRACT
INTRODUCTION
The chaotic dynamics observed only in nonlinear systems have been largely defined by oscillations which are sensitive to initial conditions [1] . Lorenz and Rossler systems are pioneering simple chaotic systems discovered with a lot of interesting properties that can model physical systems [1] - [2] . This relatively new dynamical behaviour has since been discovered in other disciplines such as engineering, science and economics. In order to understand fully most nonlinear phenomenon in nature through interaction of systems, the control and synchronization of chaotic oscillations is vital.
The process of controlling and synchronising chaotic systems has attracted much attention since its discovery in less than twenty years [3] . The work of Pecora and Caroll [4] generated a wider research in synchronization since it entails the synchronization of two identical chaotic systems with different initial conditions.A number of methods of synchronization have been proposed since the pioneering work of Pecora and Caroll such as complete synchronization, generalized synchronization, phase synchronization, lag synchronization, adaptive synchronization, timescale synchronization, intermittent synchronization, projective synchronization and function projective synchronization [5] - [9] . Function projective synchronization deserves much attention since it has been found applicable and better in secure communication.
Function projective synchronization implies that the master and slave oscillators could be synchronized up to a scaling function unlike a constant in the projective synchronization. The advantage is that it becomes more complex to determine the function used and as a result more secure communication is achieved under this scheme.
In the present work, function projective synchronization of new chaotic reversal systems [10] with uncertain parameters using nonlinear adaptive controller has been investigated to demonstrate the effectiveness of this scheme as it applies in secure communication. The remaining part of this work is arranged as follows: section 2 is on the nonlinear adaptive controller designed to synchronize the new chaotic reversal systems, section 3 is on numerical simulations presented to demonstrate the robust nature of the scheme, and section 4 is the conclusion of the paper.
ADAPTIVE CONTROL SCHEME
In the present section, we examine briefly the dynamics of the new deterministic model for chaotic reversal [10] .
We have a new deterministic model for chaotic reversal by C. Gissinger [10] given by:
………. (1) Where and are the states and are unknown parameters.
The system (1) is chaotic when the parameter values are taken as:
and as shown in figure 1. The system (1) is taken as master system, and the slave system with the adaptive control scheme is taken as ………. (2) Where are the parameters of the slave which needs to be estimated and are the nonlinear controllers such that the two new chaotic reversal systems are function projective synchronized in the sense that
……… (3)
Where is the scaling function.
From system (1) and (2) we get the error dynamical system which can be written as ……… (4) Where In order to stabilize the error variables of system (3) at the origin, we propose the adaptive control law and the parameter update law for system (3) It is evident that is negative definite and if and only if . By the Lyapunov stability theory, the function projective synchronization is achieved. This ends the proof.
NUMERICAL SIMULATIONS
The numerical simulations to verify the effectiveness of the proposed function projective synchronization using the adaptive controllers are carried out by the fourth-order Runge-Kutta method. This method is used to solve the master system (1) and the slave system (2) with time step size . The initial conditions of the master system are . The scaling function is chosen as and . The figure  2 shows that the error variables tend to zero with . Figure 3 shows that the estimated values of the uncertain parameters converge to as . 
CONCLUSION
In the present work we have demonstrated the application of function projective synchronization in synchronizing the new chaotic reversal systems with uncertain parameters. The Lyapunov stability theory was used to design the adaptive synchronization controllers with associated parameter update laws to stabilize the error dynamics between the master and the slave chaotic oscillators. All the theoretical investigations have been verified by numerical simulations to proof the effectiveness of the scheme.
